Abstract. Based on the introduction of the principle of wavelet packet analysis, the acoustic emission sensor and vibration sensor are used to collect the tool wear signal. Then the characteristics of tool wear can be obtained by Orthogonal Experiment. The method of determination about tool wear state can be implemented. Orthogonal Experiment can be used to firstly select the signal feature through this method. Thus, it can obtain the abrasion's influence on signal and analyze other factors' influence on signal. Finally, we can find the feature that properly reflects tool wear degree which is not easy to be influenced by the other factors to improve the discrimination degree of tool wear degree.
Introduction
Multi metal cutting process is a complex process, In the NC machine tool automation process in the present, it has high precision, good reliability, and fewer fixtures, therefore, the machining quality of the workpiece is little affected by the machine tools and Fixtures [1] . In the whole cutting process, the cutting tool is always under high temperature and high pressure, and the tool withstand severe friction, the influence of tool condition on machining quality has been existed. Therefore, the state of the tool to ensure the quality of processing and improve productivity is essential [2] . It is understood that the NC machining, due to the failure of the CNC machine tool downtime caused by the total downtime of 20% to 30% [3] . Therefore, it is very important to monitor the wear state of NC machine tools in order to reduce the rejection rate [4] . Based on the principle of wavelet packet analysis, in this paper, the vibration sensor and acoustic emission sensor are used to obtain the tool wear signal [5] , the characteristics of tool wear degree were obtained by orthogonal test; This method can not only get the influence of the degree of wear on the signal, but also analyze the influence of other factors on the signal, finally, it can be found the features that can effectively reflect the degree of tool wear and not easily affected by other factors in order to improve discriminant accuracy.
Basic Principle
Wavelet packet analysis provides a more detailed signal analysis method. It can not only divide the low frequency signal, but also can divide the high frequency signal in detail. Through the wavelet packet analysis, it can adaptively select the corresponding frequency band according to the characteristics of the signal to be matched with the signal spectrum, so as to improve the time-frequency resolution. Therefore, wavelet packet has more extensive application value in engineering practice.
Suppose ( ) x ϕ and ( ) x ψ are wavelet functions and orthogonal scaling functions respectively, define them as
And the filter H(ω) and G(ω) working in concert with ( )
(2) The following recursive method is used to define a function cluster Figure 1 is a schematic diagram of wavelet packet decomposition, S represents the original signal, it simply shows the wavelet packet on the low frequency and high frequency ends of the signal are subdivided process. The signal acquired by the data acquisition card is a discrete signal. Daubechies wavelet base is a kind of compactly supported orthogonal wavelet. With the increase of n, the length of the time domain of the dbn wavelet system is longer, the order of the vanishing matrix is increased, and the characteristic regularity increases, and the amplitude frequency characteristic is closer to the ideal. When the higher order db wavelet with higher n value is chosen, it can be considered as an ideal low pass filter and an ideal band-pass filter. Therefore, in this paper, we choose the wavelet basis of energy lossless db8 wavelet basis.
Test Analysis
The selected tools for the Zhuzhou diamond cutting tool Limited by Share Ltd production of standard NC indexable turning tool blade. Model is CNMG120404-PM. Related parameters: indexable carbide inserts (YT15), tool rake angle γ= 11°, the back angle α= 0°, the main deflection angle kr=95°, the auxiliary angle ' 5 kr =°, edge angle λ= 0°; the workpiece material used for processing is 45 steel bar. The samples are obtained from the actual production and processing process, so that the test samples are more authentic. Select the same batch of the same specifications of the tool, the actual processing in Luoyang Bearing Science &Technology Co., Ltd, the final access to different wear levels of cutting tools. Among them, the cutting depth is 0.3-1.0(mm) when get the sample which is mainly processing bearing outer ring. Part of the tool flank wear: 0.122mm, 0.156mm, 0.295mm, 0.324mm, 0.361mm, 0.429mm, 0.624mm, 0.713mm, 0.973mm.
Effect of Factor on Data
The orthogonal experiment was used to study the influence of tool wear and cutting three factors on the root mean square of acoustic emission signal and vibration signal. Table 1 is the analysis of acoustic emission signal and vibration signal. Table 2 is its mean value and range.
The bigger the range, the greater the influence of factors, for the acoustic emission signal, as shown in the table, the spindle speed has the most obvious impact on the acoustic emission signal, followed by the wear degree, and then the depth of cut, feed rate. For the vibration signal, the most important is the degree of wear, followed by the spindle speed, and then feed speed, and finally the depth of cut. 
Machining Experiment of Different Wear Quantity
The work piece selects 45 steel bar material, it uses the oil based cutting fluid, plays the cooling lubrication function, reduces the temperature change causes the vibration to aggravate. Its spindle speed is 800r/min, feed rate is 40mm/min, cutting depth is 0.5mm, processing length is 10mm. Other parameters are shown in Table 3 . Since the signal effective frequency does not exceed 13 KHz. Therefore, in order to avoid redundant information. In this paper, we analyze the first 16 bands (0~31.2 KHz) from 64 bands in the frequency domain of the wavelet packet decomposition of the 6 order, which is sufficient to include the signal to be studied, the 16 bands are shown in Table 4 . It can be seen from the energy values of different frequencies of vibration signal in Figure 2 that the energy is mainly concentrated in 2, 3, 4, 5, 6, 7, 8, 13 and 14 bands. With the increase of tool wear, the energy increase is more significant in 2, 3, 4, 7, and 8 bands. So preliminary determine the characteristic frequency band of vibration signal is 2, 3, 4, 7, 8 bands. But because the effective frequency range of the acceleration sensor selection is 0.7 Hz~13 KHz (+10%), so P8 frequency information is not necessarily right, it should be eliminated, so the feature frequency was originally 2, 3, 4 and 7 bands.
Then, using the experimental data obtained from the orthogonal test, the energy values of 2, 3, 4 and 7 bands were obtained, the orthogonal array (Table 5 ) is used to determine the characteristic frequency band which can reflect the degree of wear and is the least affected by external factors. According to the difference, the greater the influence of the basic basis It can be concluded from table 6 that the wear degree of the P2 band is the most significant, and the influence of the three factors of cutting is smaller, so the P2 band is an ideal characteristic frequency band. P3 frequency band: wear degree (maximum difference of 28.33) has the greatest influence, the influence of the cutting of the three elements (the maximum difference of grade: 19.88, 16.44, 12.08) is the second, and its influence can not be ignored, therefore, it can not be used as the characteristic frequency band. P4 frequency band: wear degree (maximum difference 41.88) has the greatest impact, followed by the spindle speed (19.24), and then the feed rate and depth of cut. Compared with the influence of wear degree, the three elements of cutting is not obvious, so it can be used as the characteristic frequency band; P7 frequency band: Although the degree of wear (maximum difference 18.59) is the most influential factor, but the spindle speed (14.62) is slightly inferior to it, so it can not be used as the characteristic frequency band.
To sum up, the P2 band can be used as the best characteristic frequency band of the vibration signal, namely 1.95 KHz~3.9 KHz; the second is the P4 band, namely 5.85 KHz~7.8 KHz.
Using wavelet packet decomposition for the acoustic emission signal, the P1~P16 bands can significantly be found the energy. Besides, the P17~P32 bands have almost no energy. Thus only the P1~P16 band need to be analyzed. It can be concluded from the figure 3 that the AE signal characteristics are susceptible to the influence of the spindle speed in the tool wear detection system. Therefore, it is necessary to consider the influence of the changing of spindle speed on the AE signal characteristics and reduce the error rate of the intelligent recognition, and the spindle speed must be the eigenvalue of the acoustic emission signal.
Conclusion
Based on wavelet packet decomposition of vibration signal and acoustic emission signal, and using the orthogonal test method to find the best characteristic frequency band of vibration signal was 1.95 KHz~3.9 KHz, followed by 5.85 KHz~7.8 KHz. The best characteristic frequency band of the acoustic emission signal was 125 KHz~156.25 KHz. From the analysis, it was found that the characteristic band of the vibration signal was very correlated with the tool wear and was not easily affected by the external factors. The characteristic frequency band of the acoustic emission signal was also relatively large in relation to the tool wear, but it was susceptible to the influence of the spindle speed. Therefore, the spindle speed should also be a characteristic of the acoustic emission signal. Eigenvalues obtained thereby can increase the accuracy of the degree of wear discrimination.
